Abstract--In this paper, the error function and the complementary error function of a matrix are introduced. Basic properties of these matrix functions are studied and applied to the inverse Laplace transform of a matrix function and to solve coupled diffusion models in a semi-infinite medium.
INTRODUCTION
It is well known that error function and the complementary error function both play an important role in the construction of solutions of partial differential systems using integral transforms, [1] . Coupled partial differential systems are frequent modelling several different problems [2] [3] [4] [5] [6] and dealing with its matrix formulation some matrix operation calculus has been developed, [7, 8] . Using Laplace transform, the solution of the scalar heat conduction equation in a semi-infinite medium ut = k2Uzx, Typeset by A~4S-TEX see [1, p. 148] . In this paper, we consider the coupled diffusion problem ut =A2ux~, where u0 and u(x, t) are vectors in C p and A is a matrix in C pxv with properties to be determined.
The aim of this paper is to obtain an expression of the solution of problem (1.2)-(1.4) of form (1.1) and it is organized as follows. Section 2 deals with the definition of the complementary error function and the error function of a matrix as well as with the proof of some basic properties. Section 3 is concerned with some matrix operational results as well as with the study of the behavior of some matrix integrals on complex paths. In Section 4, we apply the results of (1.14)
C the path defined and satisfy Let us consider the series expansion of the matrix exponential arising in (2.10), then
Hence, ifA satisfies (2.7), by Property (ii) of Theorem 2.1 and (2.13), one gets the series expansion of erfc (A) given by
n~o Formula (2.14) suggests an extension of the definition of the complementary error matrix function. In fact, consider the entire function in the complex plane defined by
It is easy to show that power series f(z) is absolutely convergent for all z in the complex plane. Then, by the holomorphic matrix functional calculus, for any matriz A C C pxp, it is well defined In this section, we are concerned with the evaluation of some improper matrix integrals as well as in the study of the behavoir of certain matrix integrals on paths in the complex plane. 
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By (1.7) and (1.10), we also have
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(3.26) PROOF. The integrand of (4.6) has a branch point at s = 0. Using the contour of integration as shown in Figure 3 .4b of [1, p. 103] and applying the Cauchy fundamental theorem for matrix valued functions, see [16] , it follows that and by (4.15) and (4.16), one gets (4.6). Thus, the result is established, l
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SOLVING THE
COUPLED DIFFUSION PROBLEM
Consider the coupled diffusion problem (1.2) (1.5) where A is a matrix in C pxp satisfying (2.7). Then, by [7] , A -1 also satisfies (2.7) and by (2. 
